Introduction
Owing to their physical and mechanical properties, construction particleboards are used as wall, floor, ceiling and roof covering as well as finishing and insulating material. Particleboards are also the basic material for interior furnishings used in increased humidity conditions (http:// www.pfleiderer.pl). Therefore, phenol-formaldehyde resin is the most commonly used adhesive as it provides products with high strength and resistance to various weather conditions. The resin is also characterized by high thermal resistance, low susceptibility to hydrolysis and low formaldehyde emission. However, the resin has low reactivity which necessitates for the cross-linking process to be conducted at very high temperatures. Moreover, from the aesthetic point of view, the dark colour of the adhesive joint is a drawback. So far, a number of research projects have been carried out aimed at increasing the reactivity of phenolic resins through proper selection of substrates, mole ratio of reagents and condensation conditions as well as through introducing modifiers into the resin, which are meant to accelerate the cross-linking process (Park et al. 1999; Conner et al. 2002; Dukarska and Łęcka 2006; Mirski et al. 2008 Mirski et al. , 2011 Zhang et al. 2013) . Phenolic resins, just like amine resins, join surfaces through adhesion. In the case of gluing particles of annual plant waste (mainly grain straw), the presence of waxy substances on their surface considerably decreases the adhesion of the resin, which deteriorates the strength and water resistance of the boards. This problem can be solved by using pMDI (polymeric methylene diphenyl-di-isocyanate) resins. Isocyanate pMDI resins join Abstract The paper investigates the possibility of manufacturing rapeseed particleboards (RPB) which could be used as construction material in eco buildings. Therefore, single-layer particleboards were produced from rapeseed straw particles glued with mixture of 4.4′-methylenediphenyl isocyanate (pMDI) and phenol-formaldehyde (PF) resins in the weight ratio 70:30 (hybrid pMDI/PF resin). The boards were manufactured with density of 650, 600, 550, 500 and 450 kg/m 3 . Next, their physico-mechanical properties were determined, i.e. modulus of rupture, modulus of elasticity, internal bond and internal bond after the boil test (V-100) and thickness swelling after 24 h soaking in water. The thermal conduction coefficient (λ) and sorption properties in changeable relative humidity conditions were also determined. Based on the obtained results, it was found that rapeseed straw may be a valuable material used in the production of construction particleboards which meet high strength requirements. Boards with density of 650 kg/m 3 meet the requirements of EN 312 standard for type P7 boards. It is also possible to decrease their density to 600 kg/m 3 (type P5 boards) and even 550 kg/m 3 (type P3 boards). However, rapeseed particleboards are characterized by relatively high values of thickness swelling after 24 h of soaking in water. The weaker resistance to humidity has also been confirmed by tests on sorption and desorption of vapour in changeable relative humidity conditions. Nonetheless, an important advantage of these boards is the the lingocellulose particles by the reaction of isocyanate groups -N=C=O with -OH groups of mainly cellulose and lignin. As a result, urethane bonds -NH-CO-O-are created. Owing to such a gluing mechanism, the pMDI adhesive joints show higher values of strength and water resistance properties than amine and phenolic resins commonly used in wood products industry. Another advantage of pMDI resins is their high reactivity and good surface wettability. However, there are also drawbacks: the resin is expensive and it is characterized by chemical affinity to not only particles of the lignocellulose material but also to other materials, for example metal elements of a production line. That is why, researchers paid closer attention to hybrid resins, i.e. resins which are a combination of cheaper amine or phenolic resins with pMDI glues. Such an option allows for reducing the costs and makes it possible to eliminate the difficulties related with the resin's capacity for gluing other materials. The hybrid resins play an especially important role in the production of boards made from recycled waste (Wang et al. , 2008 Lykidis et al. 2012) or annual plants waste (Grigoriou 2000; Lee et al. 2006; Magzoub et al. 2015) . The use of hybrid adhesives will definitely expand the range of possible uses of such boards in building constructions, as it also results from the growing popularity of eco-buildings made from natural materials. An example here is the revival of straw bale houses, especially in the USA, Canada, Australia, Japan and Europe (Vejeliene et al. 2011; Thomson and Walker 2014) . According to Goodhew and Griffiths (2005) , this building technology provides buildings with better thermal insulation of walls than wood or wood-based materials. It also makes it possible to save the materials and use local resources and, therefore, reduce the costs of transport as well as air pollution (Morel et al. 2001) . The investigations made so far on the substitution of wood particles with annual plants waste, have proved that they can be used as a valuable material for the production of particleboards as long as proper production conditions are applied (Dukarska et al. 2015) . Based on papers published so far, Müller et al. (2012) , made a thorough review of alternative materials which can substitute wood particles in the production of particleboards. They provide a detailed description of their advantages and disadvantages as well as prospects and opportunities of use and challenges which manufacturers have to face. One of the most important benefits is the fact that the discussed materials are renewable, easily available, recyclable, and biodegradable. What is more, they are characterized by a favourable strength to density ratio and they show good thermal and acoustic insulation properties. The major difficulty in applying these materials is their seasonality and poorer wettability by bonding agents than in the case of wood. The authors also pay attention to the fact that the limitations connected with the use of agricultural waste partially result from inefficient knowledge of the chemical and physical properties of these materials. The review of literature on the subject shows that numerous investigations into the substitution of wood chips with particles of annual plants have been carried out so far. Owing to the crop size, researchers focus mainly on the use of wheat straw (Grigoriou 2000; Boquillon et al. 2004; Azizi et al. 2011; Bekhta et al. 2013) , rice straw (Li et al. 2010; Zhang and Hu 2014) , flax and hemp (Papadopoulos and Hague 2003), kenaf, bamboo (Papadopoulos et al. 2004; Xu et al. 2004) , corn, sunflower, various grass species, sugar cane, but also on herbaceous plants, such as evening primrose (Hein et al. 2011; Dukarska et al. 2012; Park et al. 2012; Cosereanu et al. 2015; Guler et al. 2016) . Wood particles can also be substituted by tomato stalks and grapevine, kiwi, coffee or tea waste (Nemli et al. 2003; Guuntekin et al. 2009; Bekalo and Reinhardt 2010) , which is an interesting option too. The authors of the present paper also notice the possibility of using waste of oil plants, mainly rapeseed straw. Rapeseed is primarily used to attain oil, both edible and technical, but is is also valuable protein feed for animals. The dynamic development of biofuel production has contributed to a considerable growth in the rapeseed cultivation area. Initially, it was assumed that until 2020 the share of biofuels in the EU road transport would reach 10% (directive 2003/30/EC). Even though in 2015 the predicted share was decreased to 7%, in Europe rapeseed is still the basic biocomponent in the production of biofuels (Van Duren et al. 2015) . According to FAOSTAT reports, in 2014 China, Canada and India were the largest producers of rapeseed in the world. As for Europe, it was France, Germany and Russia with net sown area of 1.5, 1.3 and 1.1 mln ha, respectively (FAOSTAT 2016) . In the last 5 years there have only been slight changes in these values. It is noticeable, however, that in countries such as Poland, Hungary, Bulgaria and Ukraine the net sown area for rapeseed has grown considerably. As the rapeseed production is growing rapidly, the utilization of waste has become an important issue. Rapeseed straw can be potentially used as a raw material in particleboard production as its chemical constitution is similar to that of wood. Rapeseed straw contains a bit less cellulose and lignin, yet it has more hemicellulose. The amount of extractives is comparable or only slightly higher than in wood. It is significant that unlike cereal straw, in case of rapeseed straw these substances are dispersed throughout the whole mass, which favourably affects the gluability even when typical wood adhesives are used (Dziurka et al. 2005; Dukarska et al. 2011; Dziurka and Mirski 2013) .
The review of the literature shows that so far there have been very few publications on the possible use of this material in the production of particleboards which meet the requirements for construction boards. Therefore, it was decided to carry out investigations on the possibility of applying rapeseed straw particles to the production of construction particleboards glued with pMDI resin. Taking into consideration the fact that wood products industry shows growing interest in light materials, the possibility of decreasing the density of the boards and its effect on physical and mechanical properties of the rapeseed particleboards were also investigated.
Materials and methods
In the production of particleboards, particles of rapeseed straw obtained by means of two-stage grinding in a knife grinding machine were applied. The attained straw particles were subjected to dimensional analysis. In order to do so 50 g of straw particles were selected and then sorted on sieves with mesh size ranging from 0.25 to 3.15 mm. Next, 50 pieces of straw particles were randomly picked from the sieve with 1 mm mesh size and their length, width and thickness were measured with an accuracy of 0.01 mm. Based on these measurements their slenderness (λ) was determined, which is the ratio of average length and average thickness of the straw particles. Next, fatness ratio (ψ) was determined, which is the ratio of average width and average thickness of straw particles, and the width factor (m), which is the ratio of average length and average width of straw particles. This kind of analysis is often used to provide characteristics of materials used in the production of particleboards (Lee et al. 2006; Dukarska et al. 2011; Cosereanu et al. 2015; Dziurka and Mirski 2013) and to determine the effect of particle size on physical and mechanical properties of the manufactured particleboards (Pan et al. 2007; Arabi et al. 2011; Mirski et al. 2013) . The results of these analyses are shown in Table 1 .
As bonding agent the adhesive made from polymeric 4,4′-methylenediphenyl isocyanate (pMDI) and phenol-formaldehyde resin (PF) was used in the weight ratio 70:30. The properties of pMDI were as follows: solids content-100%, NCO content-31%, viscosity at 25 °C-220 Pas and chlorine hydrolytic-96 mg/kg. PF resin was characterised by viscosity at 25 °C-620 Pas, density-1.215 g/cm 3 , solid content-46.5%, pH-8.75 and gel time at 130 °C-265 s. Single-layer rapeseed particleboards (RPB) were produced under laboratory conditions. The following parameters of the boards were applied: dimensions 450 × 700 × 15 mm³, gluing degree 10% and density 650, 600, 550, 500 and 450 kg/ m 3 . The pressing process was carried out at 200 °C, with unit pressure of 2.5 N/mm 2 and time of 23 s/mm of the board thickness. The physical and mechanical properties of manufactured experimental boards were tested according to relevant standards. Modulus of rupture (MOR) and modulus of elasticity (MOE) were determined according to EN 310 (1993), internal bond (IB) according to EN 319 (1993), internal bond after a boil test (V-100) according to EN 1087 and thickness swelling after 24 h of soaking in water (TS) according to EN 317 (1993) . Each test was made in ten replicates. Taking into account the fact that the boards are supposed to be used as covering material, their thermal conduction coefficient (λ) was determined with the use of the auxiliary wall method. Hence, a test chamber and a laboratory measuring set was used for determining heat flux density, equipped with a heat flux density sensor type ALMEMO 117 company Ahlborn, with plate dimension 100 × 30 × 3 mm³. The chamber is equipped with a heating system which makes it possible to maintain constant temperature difference between the chamber and the environment. The ALMEMO sensor was located in the heat flux flowing through the investigated sample: it was attached to the face side of the board with the use of thermally conductive silicone paste. The heat flowing through the board sample and the sensor cause a temperature difference on the sensor surfaces creating thermoelectric voltage. By measuring this voltage, the density of heat flux was determined according to the equation:
where q-density of heat flux (W/m 2 ), C-calibration coefficient: 35.8 (W/m 2 mV), U r -voltage (mV). At the same time, with the use of resistance sensors, the temperature difference on both sides of the investigated particleboard was determined. The measurements were made each time the temperature stabilized on the board surfaces and the voltage reached a constant value. Based on the determined values of heat flux density q and the temperatures of the particleboard surfaces, the value of heat conductivity coefficient was estimated with the use of below equation:
where k-heat conductivity coefficient (W/m 2 K), T 1 -temperature of the board side heated in the chamber (K), T 2 -temperature of the face side of the board (K). Taking into consideration the fact that thermal resistance R (m 2 K/W) is directly proportional to heat conductivity coefficient k, where d-thickness of boards. Determining the value of heat conductivity coefficient according to the accepted methodology greatly depends on the environmental conditions. Therefore, the measurements of heat flux density and temperatures on the board surfaces were made five times for each type of the investigated particleboards.
Since heat-insulating properties depend on the moisture content of materials, the moisture sorption at 20 °C with varied relative humidity of the air was measured with the use of the static desiccator method. Samples of investigated rapeseed particleboards were conditioned over saturated saline solution for 8 weeks. As hygrostatic factors saturated saline solutions were used which allow to attain the proper values of relative humidity (RH) of the air, i.e. MgCl 2 -32%, KNO 3 -45% NaNO 2 -65% and KCl-85%. After 8 weeks of seasoning, the samples were weighted and their moisture content was determined. Based on these data the dependence between the sorption properties of investigated particleboards and relative humidity of the air was determined. Therefore, sorption and desorption isotherms were determined as well as differences between these phenomena, expressed as S/D ratio.
In order to provide better characteristics of the manufactured rapeseed particleboards, the results of the tests with regard to physical and mechanical properties were compared with the properties of industrially produced particleboards commonly used in building industry. For this purpose, OSB/3 boards with a density of 630 kg/m 3 and thickness of 15 mm (produced by Kronopol, Poland) and MFP boards with a density of 750 kg/m 3 and thickness of 15 mm (single-layer particleboards, type P5, produced in Poland) were used. Table 2 shows properties of these boards as stated by the manufacturers.
The results of the investigations on the physical and mechanical properties of the experimental boards were statistically analyzed with the use of the programme STA-TISTICA version 12. To compare the average values of physical and mechanical properties of investigated boards a single-factor analysis of variances was carried out as well as Tukey's post hoc test, which was the basis for determining uniform average values for each of the investigated properties, with the boundary value of significance level equal to 0.05. Table 3 shows the results of investigations on the physical and mechanical properties of experimental rapeseed particleboards depending on their density. Symbols "a, b, c, d" included in the table stand for homogenous groups of averages determined based on post hoc analysis of Tukey's test. Expectedly, the strength properties deteriorated as the density of the boards was decreased. The post hoc analyses also show statistically significant changes in the obtained values. It is especially evident in the case of modulus of rupture, modulus of elasticity and internal bond. According to Tukey's test for homogenous groups for particleboards with a density from 650 to 550 kg/m 3 , three groups of parameters (a, b, c) were distinguished for which the level of statistical significance p had values lower than the assumed 0.05. The decrease in MOR, MOE and IB observed for particleboards with a density of 600 and 550 kg/m 3 amounts to 30% for MOR and IB, respectively and 15 and 20% for MOE. Boards with a density of 450 and 500 kg/m 3 are included in the same homogenous group "d", which means that in terms of strength properties they did not show statistically significant differences. The values of MOR, MOE and IB determined for these boards were 50-70% lower than those of boards with the highest density. Yet, it is noteworthy that in spite of the decrease in strength properties, the boards with a density of 650-550 kg/m 3 still meet the strict strength requirements for construction particleboards. According to EN 312 (2005) standard, particleboards with a density of 650 kg/m 3 can be classified as P7 type, i.e. boards with increased load-carrying capacity intended for use in humid conditions. When the density is decreased to 600 kg/m 3 the use of the particleboards is limited to conditions intended for P5 type of boards, i.e. boards with load-carrying capacity intended for use in humid conditions. Particleboards with a density of 550 kg/m 3 meet the requirements for boards used as interior furnishings in humid conditions. However, when the density of the boards was decreased to 500 and 450 kg/m 3 , the values of MOR, MOE and IB are reduced to a level where it is impossible to use the particleboards as construction material.
Results and discussion
The use of hybrid adhesive pMDI/PF made it also possible to attain high values of internal bond after the boil test. Although the test results show a decrease in V-100 value, even particleboards with density reduced to 500 kg/m 3 meet the requirements of EN 312 standard for P5 particleboards (value required by the standard: 0.14 N/mm 2 ). The statistical analysis shows that within this range boards do not show such significant changes in values as in the case of other strength properties. This can be confirmed by the Tukey's test presented in Tables 3 and 4 . Values of V-100 test obtained for particleboards with a density of 550 kg/m 3 are in between values attained for boards with a density of 600 and 500 kg/m 3 . The results of the tests on thickness swelling after 24 h of soaking in water (TS) are different though. Expectedly, as the density of particleboards was reduced, their thickness swelling decreased after such a long action of water. Particleboards with a density of 600-450 kg/m 3 meet the requirements for P3 boards: their thickness swelling after 24 h of soaking in water should be 14%. For boards with a density of 650 kg/m 3 , the TS values exceed 14%, i.e. the level required for particleboards intended for use in humid conditions. The decrease in TS value along with the reduction of board density can be explained by the greater porosity of the structure of boards with lower density. However, when analyzing the attained results, it should be taken into account the fact that the experimental boards had only one layer. Moreover, they did not have the face layers which, due to their higher gluing degree and firmer structure, usually make it more difficult for water to penetrate into the boards. What is more, in the production process no hydrophobic agents were applied, which could reduce the negative effects of a long-time action of water. Just as in the case of other properties, the results of tests on thickness swelling were subjected to statistical analysis which showed that the influence of density on the TS value was not as significant as in terms of strength parameters. These findings were also confirmed by the dispersion diagram of TS value depending on the density (Fig. 1) . In case of both V-100 test and thickness swelling, the observed phenomena result from the durability and water resistance of the adhesive joints. Owing to these factors, along with the good cohesion of the boards, the density of the boards has modest effect on their internal bond after a boil test and thickness swelling.
The comparison of properties of rapeseed particleboards and industrially produced OSB/3 and MFP boards (Table 2 ) leads to the conclusion that in terms of resistance RPBs have comparable or even better properties than the minimum values stated by the manufacturers of OSB/3 and MFP. The values of modulus of rupture and modulus of elasticity for rapeseed particleboards with a density of 650 kg/m 3 are comparable to those for OSB/3 in the so called larger axis, i.e. parallel to the board surface. In relation to MFP, rapeseed boards show much higher values of MOR. It is also noteworthy that RPBs are characterized by high values of IB and V-100 test when compared to both industrially produced types of boards. Rapeseed particleboards with density of 650 kg/m 3 show twice as high values of internal bond determined both before and after V-100 test than the minimum values stated for OSB/3. When compared with MFP, the values are 50 and 40% higher, respectively. Only when the density of RPBs was decreased to 600 kg/m 3 these values were reduced to the level comparable with that for MFP. If thickness swelling after 24 h of soaking in water is taken into consideration, PRBs show values comparable to those for commonly used OSB/3, yet these values are much higher than those stated for MFP. Although it seems a relatively high value, it must be emphasised that in the production of RPBs no hydrophobic agent was used, unlike in the case of industrially produced boards.
The applied auxiliary wall method is one of the basic methods for measuring heat flux density. It is used to determine thermal insulation or thermal resistance of construction materials in both laboratory and field conditions. Values of heat conductivity coefficient λ for rapeseed particleboards depending on their density, presented in Fig. 2 , allow for drawing conclusions concerning their thermal insulation. Expectedly, there is a close relationship between the density of investigated experimental particleboards and their thermal insulation. Heat-insulating properties of materials depend on numerous factors, such as density (Xu et al. 2004) , humidity (Yu et al. 2011) , thickness (Kawasaki and Kawai 2006; Sonderegger and Niemz 2009) , ambient temperature, heat flow direction, size and geometry of particles and the board structure (Wei et al. 2015; Cosereanu et al. 2015) . As Fig. 2 shows, the measured values of λ range from 0.008 W/mK for boards with density of 650 kg/m 3 to 0.065 W/mK for boards with density of 450 kg/m 3 . It is noteworthy that boards with density of 650 kg/m 3 are characterized by much lower heat conductivity coefficient than OSB/3 boards of the same density, which are commonly used in building construction. With the use of the same measuring method, value of λ for OSB/3 boards is determined as 0.11 W/mK, and for MFP it is 0.14 W/mK. These values are slightly different to those stated by the manufacturer, i.e. 0.13 and 0.12 W/ mK, respectively. Nevertheless, the values of heat conductivity coefficient for OSB/3 provided in literature are even lower: 0.098-0.106 W/mK (Sonderegger and Niemz 2009) . Therefore it can be concluded that the produced rapeseed particleboards with a density of 650-550 kg/m 3 not only meet the strict requirements for construction boards, but they are characterized by better heat-insulating properties than particleboards. For rapeseed particleboards with the lowest density, i.e. 450 kg/m 3 , the λ coefficient is at a comparable level or slightly lower than for light particleboards or fibreboards produced from waste from other annual plants. However, most works published so far state that the boards had considerably lower density. For example, and determined the thermal insulation of fibreboards with a density of 250 kg/ m 3 , including various amounts of wheat straw. The value of λ coefficient varied from 0.050 to 0.064 W/mK. Similar results were obtained for boards of the same density made from rice straw-λ = 0.051 W/mK (Wei et al. 2015 ). Yet, boards made from kenaf with even lower density of 200 kg/m 3 were characterized by λ varying from 0.04 to 0.065 W/mK (Xu et al. 2004) . The investigated rapeseed particleboards with a density from 500 to 600 kg/m 3 are comparable with boards with a density of 535-682 kg/m 3 made from sunflower husk: the value λ varied from 0.075 to 0.079 W/mK (Evon et al. 2014; Cosereanu et al. 2015) . Obviously, boards with lower density are characterized by less coherent structure. The decrease in density results in a Fig. 2 Thermal conductivity coefficient for rapeseed particleboards (RPB) depending on their density larger amount of void spaces filled with air which, if dry, is a very good thermal insulator.
The use of wood based materials for building structures imposes considerable limitations to finishing works which contribute to increasing humidity level of the interior. However, while a building is used a large amount of moisture, such as vapour, is emitted and affects the insulation properties of walls, durability of materials the construction elements are made from and microclimate of the rooms. Taking the above into account, the sorption properties of the manufactured experimental rapeseed particleboards were determined. Figure 3 shows vapour sorption isotherms of the investigated particleboards depending on their density. Based on that, it can be concluded that the course of the sorption isotherm is similar for all the boards regardless of their density. It can only be noticed that for boards of higher density the sorptive humidity values were slightly lower than for boards with lower density, i.e. 450 kg/m 3 . This trend is compliant with earlier studies conducted by Wu and Ren (2000) and Ganer et al. (2003) . They showed that the effect of density on equilibrium moisture content value can only be seen at higher levels of relative humidity of the air, i.e. 85-100%, which is also confirmed by the current studies. The phenomenon results from the fact that boards with lower density have more void spaces which can absorb water (Wu and Ren 2000) , and the coherent structure of the boards with higher density restrains vapour penetration into the core of the board. To attain full characteristics of the investigated rapeseed particleboards, the sorption and desorption processes of the RPB and commercially produced wood-based boards, i.e. OSB/3 and MFP, were also compared. For investigation of this kind rapeseed particleboards were selected with a density of 600 kg/m 3 , whose strength properties meet the requirements for wood-based particleboards. OSB/3 and MFP boards are very different to rapeseed particleboards in terms of the kind and fragmentation level of the raw material, the structure, density profile and technological parameters. Yet, the fact has been taken into account that out of all the construction boards, these boards are most commonly used in wooden building constructions. In the literature on the subject, there are very few publications describing sorption properties of boards made from annual plant waste which can be used as reference. The works published so far refer mainly to the sorption properties of wood, and as for wood-based material they deal with OSB and particleboards (Wu and Ren 2000; Hartley et al. 2007; Moya et al. 2009; Bonigut et al. 2014; Mendes et al. 2014 a, b; Vololonirina et al. 2014; Derkowski et al. 2015) . However, based on the quoted literature and isotherms presented in Fig. 4 it was found that considerable differences in the sorption properties of OSB/3, MFP and rapeseed particleboards can be noticed when the relative humidity of the air is over 45%. The average values of sorption humidity measured at 65 and 85% of relative humidity amount to, respectively, 11.0 and 19.8% for RPB, 9.6 and 15.6% for OSB and 8.47 and 14.11% for MFP. The values obtained for OSB are compatible with values determined by Wu and Ren (2000) and Hartley et al. (2007) . The processes of water vapour desorption proceed in a similar way. Based on the attained date, it can be inferred that rapeseed particleboards are characterized by lower sorption humidity in the area of free water in the void spaces of the board. The described dissimilarities supposedly result from the different structure of commercially manufactured boards and rapeseed particleboards. Unlike rapeseed particleboards, OSB boards have three-layer structure with a Fig. 3 Sorption isotherm of rapeseed particleboards (RPB) depending on their density Fig. 4 Sorption-desorption isotherm of rapeseed particleboards (RPB) with a density of 600 kg/m 3 , OSB/3 and MFP boards different density profile. The face layers of higher density not only improve the modulus of rupture and modulus of elasticity, but they efficiently reduce the penetration of vapour into the board. MPF boards are characterized by greater density than RPB. Moreover, the specific surface area of wood particles is larger than that of straw particles; consequently, the number of adhesive bonds is smaller. This fact as well as the anti-adhesive wax layer on the straw surface weaken the strength of the bond and deteriorate the resistance to long-lasting action of water. In the literature, the differences between sorption and desorption isotherms of wood or wood-based panels in the same conditions of relative humidity are described as S/D ratio. The value of S/D constant close to 1 indicates that the board is stable in the conditions of changeable humidity. Since the wood-based panels are susceptible to changes in humidity, it is essential to determine the S/D ratio (Hartley et al. 2007 ). The estimated S/D values for rapeseed particleboards in relation to OSB/3 and MFP, depending on the changes in relative humidity, are presented in Table 5 . It shows that at the relative humidity level from 30 to 65% the rapeseed particleboards show S/D constant value similar to those attained for wood particleboards. Significant differences are noted when the relative humidity reaches 85%. In such conditions, RPB boards show lower value of S/D ratio, which means they are more susceptible to changes in the humidity level than OSB and MFP.
Conclusion
These investigations lead to the conclusion that rapeseed straw particles are a valuable material, which can be used in the process of producing water-resistant particleboards to be applied not only to bio houses, whose structure is based on straw and fibrous materials, but also to eco-housing which is compatible with the idea of sustainable development. The obtained research results show that rapeseed straw can be used to produce construction particleboards with strength properties comparable to those of particleboards type 5 and OSB/3 boards. The applied hybrid pMDI/PF resin made it possible to decrease the density of the boards to 600-550 kg/m 3 . Rapeseed particleboards meet the requirements for the boards of P5 and P3 type. Since the produced RPB boards have a singlelayer structure, they are more likely to swell in thickness. According to the determined value of thickness swelling after 24 h of soaking in water they can be classified as P3 type. Although those values are higher than those stated in the standard for type P5 particleboards, they are still comparable to the properties stated by producers of OSB/3 boards intended for universal use. In order to increase their water-resistance it would be advisable to apply hydrophobic agents, produce them as a three-layer structure (similarly to three-layer particleboards) or increase the fraction of pMDI in relation to PF resin. The worse resistance to humid conditions has also been confirmed by investigations on sorption and desorption of water vapour in changeable air humidity conditions. However, in comparison with particleboards, RPB boards are characterized by a lower heat conductivity coefficient. In practice, it means better thermal insulation and, as a result, reduced heat loss. 
